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There have been numerous studies of the branching ratio and state distributions of the photodissociation products, the majority of which have focused on dissociation at 193
run. The determination of the Sep)/SeD) branching ratio has been a key issue in the dissociation and the subject of conflicting results. 6 ,7 Waller and HepbUrn have established the widely accepted value at 193 run of2.8±0.3, favoring the spin-forbidden channel, using vacuum ultraviolet (VUV) laser-induced fluorescence (LIF) of the S atom in a molecular beam. 8 More recently, Hepburn and co-workers have extended their study of CS2 to wavelengths between 214 and 198 run. They observe that the atomic branching ratio is highly mode specific below 49,000 cm-I and becomes approximately 2.0 at the shortest wavelengths measured. 4 There has also been significant work on the CS state distributions and fragment translational energy distributions. The CS fragment is observed in vibrational levels up to v=13 with a maximum near v=3.
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,1O,1l The rotational distributions cannot be described by a single temperature and yield an average rotational energy of 1-3 kcallmol for CS fragments with v:S;5 but significantly higher for v>5. 9 ,1O,12 The product translational energy distribution has been measured using photo fragment translational spectroscopy at increasing levels of energy resolution. Neither these experiments, employing electron impact ionization, nor the CS state distributions provide a direct view of the correlated state distributions in the dissociation. Most of these studies, however, have attempted to derive the underlying correlated distributions, often with contradictory results obtained from very similar experimental data. Early work by Yang et al. IZ and Barry et al.
B
showed an abrupt break in the translational energy distribution at the onset of the S(ID) channel, and the authors assigned the low translational energy fragments exclusively to this channel. This analysis resulted in CS (~:+) vibrational distributions which were in good agreement with laser induced fluorescence studies but yielded SCP)lS(ID) branching ratios which were less than unity. Later work by Tzeng et al. 14 In the present study we have re-examined the 193 nm photodissociation of CS z using photo fragment translational spectroscopy combined with VUV ionization and demonstrate the first state-selective ionization and correlated vibrational state distributions measured using this apparatus. The combination of the velocity resolution afforded by neutral time-of-flight methods and state-selective ionization has enabled an unambiguous determination of the SCp)lSeD) branching ratio, the correlated internal state distributions, and the spatial anisotropy associated with each asymptotic dissociation channel.
II. EXPERIMENTAL
A thorough description of the crossed molecular beam apparatus which uses VUV ionization for product detection has been provided elsewhere. 16 A pulsed supersonic molecular beam was generated by expanding 800 Torr of9% CS z in He through a 0.8 rnrn nozzle (General Valve Corp.) into a source chamber maintained at 5x10-s Torr. The pulsed valve was heated to 80°C to inhibit cluster formation. The velocity distribution of the resulting beam was measured by chopping the beam with a slotted mechanical wheel.
The beam velocity was 1410 rnls with a full width at half maximum (FWHM) of 12%.
The molecular beam was skimmed twice and intersected at 90° with the output of a Lambda Physik LPX-200 excimer laser operating on the ArF transition (193.3 nm). Laser fluences ranged from 10-300 mJ/cm 2 . The power dependence of the fragments through this range of fluences indicated that the signal was due to single photon absorption. The molecular beam was rotatable about the axis of the photodissociation laser. Neutral photodissociation products that recoiled out of the molecular beam traveled 15.1 cm where they were intersected by VUV undulator radiation and photoionized, mass selected using a quadrupole mass filter, and counted as a function of time. 17 A pile-of-plates polarizer, consisting of 8 quartz plates at Brewster's angle, was used to polarize the excimer beam, resulting in >85% linear polarization. Rotation of the linear polarized beam was achieved using a half-wave plate (Karl Lambrecht). The VUV undulator radiation used for product photoionization is described in detail elsewhere. 18 ,19 After passing through the rare gas filter, the undulator radiation is refocussed to 150j.lm x 250j.lm at the point of intersection with the scattered neutral photodissociation products.
The undulator flux is continuously monitored using a VUV calorimeter.
CS 2 , 99+%, was obtained from Aldrich and used without further purification.
III. RESUL 1S AND DISCUSSION

A. Photofragment Detection at 15 e V
Center-of-mass translational energy distributions, PeEr), were obtained from the time of flight (TOF) spectra using the forward convolution technique. 2o For all of the TOF spectra presented, the circles represent the data and the solid line is the forward convolution fit. While TOF spectra were taken at multiple laser fluences to ensure that dissociation signals were the result of a single photon absorption, all TOF spectra presented were taken with a laser fluence of 100-400 mJ/cm
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The TOF spectra for S atom products (rnle 32) at scattering angles of 10°,40°, and 60°, obtained using unpolarized light, and a photo ionization energy of 15.0 eV are shown in Figure 1 . Earlier studies, employing electron impact ionization detection, observed significant cracking from CS contaminating the rn/e 32 spectra and, therefore, only collected signal at rn/e 44 (CS\12,13 The TOF spectra were fit with the P(ET) distribution shown in the top panel of Figure 2 . The 15.0 eV ionization energy TOF spectra and the corresponding P(E T ) distributions exhibit vibrational structure, especially in the region where the SeD) channel is energetically accessible with a maximum near 8.3 kcallmol.
Vibrational combs corresponding to CS products formed in coincidence with the Sep) and SeD) channels are indicated above the P(E T ) distribution in Figure 2 . The maximum in the P(E T ) distribution corresponds to a CS internal energy consistent with either v=10
for Sep) or v=3 for SeD). Vaida and co-workers found that expanding CS 2 in Ar or He resulted in spectra that were consistent with a rotationally cold «10K) but vibrationally warm (300 K) sample. We expect to achieve more efficient vibrational cooling based on a comparison of expansion conditions and note that even at 300 K, CS2 will contain less The similarity of our derived P(ET) distribution to those of earlier studies which employed electron impact ionization suggests that photoionization at energies several e V above fragment ionization thresholds provides non-state selective, 'universal' product detection. The momentum matching of the rn/e 32 and rn/e 44 TOF spectra confirms that at a photon energy of 15.0 eV we observe no selectivity for either sulfur atom electronic state or internal energy state of CS fragment.
TOF signals at rn/e 32 and 44 were integrated over ranges of arrival time as a function of polarization angle to determine the anisotropy parameter. The upper plots in Figure 4 show two representative fits to polarized TOF data at rn/e 32 and a laboratory angle of 40°. The lower plot of Figure 4 shows the data and fits to two ranges oftranslational energy; 2.5-7.0 kcallmol and 20-30 kcal/mol. The anisotropy parameters determined from the fits are indicated on the figure. We find that the anisotropy parameter, j3, of the photofragments following correction for the incomplete polarization of the photolysis beam ranges from jJ=0.6±0.1 for the highest translational energy fragments (E T > 30 kcal/mol) to O.l±O.1 at low energies (E T <5 kcal/mol). We have chosen to fit the data by first measuring polarized TOF spectra at several polarization angles and integrating restricted regions to determine anisotropy parameters corresponding to translational energy ranges. The data was fitted with three separate translational energy distributions, each of which were characterized by a single anisotropy parameter. Several sets of polarized TOF spectra and unpolarized TOF spectra were then fitted by adjusting the relative contributions and shapes of each of these distributions until a satisfactory fit to all the data was achieved. The distributions were then co-added to give the P(E T ) shown in the top panel of Figure 2 . No noticeable improvement was obtained by further dividing of the total translational energy distribution.
B. State-selective Detection ojS(iD) at 10.1 eV
Although the total P(E T ) corresponds to the sum of distributions from both asymptotic channels, we were able to isolate the contribution from the SeD) channel by recording TOF spectra at photoionization energies below the Sep) ionization potential of 10.36 eV.23 Figure 5 illustrates the difference in themJe 32 (S+) TOF spectrum at 40° when the photoionization energy is decreased from 13 eV (top panel) to 10.1 eV (bottom panel).
Qualitatively, there is a significant loss of the highest translational energies, corresponding to signal <60 Ilsec, and a decrease of all the signal relative to the peak at 90 Ilsec. TOF spectra for mJe 32 recorded at photoionization energies between 10.1 eV and the SeD) ionization potential (9.2 eV) did not show measurable differences from the spectra collected at 10.1 eV. We consider this strong evidence that at 10.1 eV only the SeD) fragments contribute to the TOF spectra. This marks the first time that stateselected vibrationally-resolved TOF spectra have been reported on this apparatus, demonstrating the viability of measuring correlated distributions in photo fragmentation by this technique. The translational energy distribution derived from fitting the 10.1 eV TOF spectra is shown in the bottom panel of Figure 2 (circles) along with the stateaveraged, total, P(E T ) (dashed line) for comparison. Determination ofthe P(E T ) for this channel was based on the analysis of polarized and unpolarized TOF spectra outlined previously. The SeD) P(E T ) exhibits more pronounced vibrational structure than the total P(ET), particularly an enhancement of the peak consistent with v=:=3 CS fragments. The lack of vibrational resolution for the Sep) channel near threshold is due presumably to the formation all possible J states of th~ Sep J) atom, which are separated in energy by 187 cm-1 between the 3pO and 3P 1 states and 396 cm-1 between the 3P 1 and 3 P2 states. 4 Our derived SeD) P(ET) is in qualitative agreement with the P(E T ) reported by Tzeng, et al. 13 and with the vibrationally unresolved LIF measurements of Waller and Hepburn 8 , including the location of the maximum at 7 kcallmol.
The most detailed traditional photo fragment translational spectroscopy study prior to 
C. Subthreshold Detection of CS Fragments
A dependence of the TOF spectra on photoionization energy due to fragment internal energy has been observed previously.25 26 Figure 6 shows the rn/e 44 (CS+) TOF spectra at three ionization energies; one above and two below the CS ionization potential of 11.3 eV.27 The translational energy distributions derived from fitting the rn/e 44 TOF spectra are shown in Figure 7 and provide a clearer picture of the origin of the dramatic changes that occur upon lowering the ionization energy. The vibrational structure, well defined in the 12 eV spectrum, is significantly altered at lleV and is almost completely absent in the 10.5 eV spectrum. Furthermore, there is a progressive loss of the high energy fragments (E T >25 kcallmol) as the ionization energy is decreased.
The P(E T ) distributions in Figure 7 contain valuable information on the contributions of each asymptotic channel to the dissociation. The fragments with translational energies greater than 17 kcal/mol must result from the lower energy Sep) channel and translational energies near the thermodynamic limit (45 kcallmol) correspond to CS fragments which have low internal energy. As expected, these fragments are not detected when the ionization energy is tuned below the CS ionization potential. At 10.5 eV only CS fragments containing 19 kcal/mol of internal energy will be efficiently ionized and this truncation of the P(ET) distribution is qualitatively observed.
In the absence of the SeD) channel the low translational energy region ofthe P(E T )
would be unaffected at 10.5 eV. However, we observe a significant loss ofthe vibrational structure in the P(E T ) at 11 e V which further suggests that this vibrational structure arises from the S(ID) channel. In addition, the observation of a significant fraction oflow translational energy fragments at 10.5 eV proves that there is some contribution of Sep) fragments in this energy range, corresponding to Sep) formed in coincidence with highly excited CS fragments (v> 1 0).
We have qualitatively modeled the dependence of the CS P(E T ) on the photoionization energy shown in Figure 7 . A detection function accounting for the finite width of the synchrotron radiation and including a linear onset function was used to describe the ionization probability as a function of energy above the threshold. The total P(E T ) distribution was partitioned into two distributions corresponding to SeD) and Sep) channels. At each ionization energy, these were modified by the detection function described above and co-added, and the resulting simulation was compared to the experimental distributions. Shown in Figure 8 are two simulations which represent previous estimates of the S(ID) and Sep) distributions. The panels to the left correspond to assigning the region of the total P(E T ) less than 17 kcallmol solely to the SeD)
channel. The series of panels to the right correspond to a decomposition resembling the LIF Doppler measurements of Waller and Hepburn and the assumed breakdown of Tzeng et al. The differences between the two sets of simulations are dramatic. Although the function used to model the ionization probability is approximate, the simulations provide qualitative information on the shapes and branching ratios of the two channels. The right panels successfully mimic the experimentally observed distributions shown in Figure 7 while the left panels do not. In addition, the SeD) channel resulting from the partitioning on the right quantitatively fits the P(Ex) in the lower panel of Figure 2 , derived from the SeD) TOF spectra. Based on an optimization of the partitioning we obtain a branching We have further characterized the velocity dependence of the anisotropy parameter reported previously by Frey and Felder/ 5 who assumed that the observed velocity dependence of the anisotropy parameter was a result of two overlapping channels that were each described by a constant anisotropy parameter. The anisotropy parameter for the Sep) channel was set to the observed value near the Sep) thermodynamic threshold.
The anisotropy parameter for the SeD) channel was then adjusted to determine the correlated translational energy distribution for both channels through a fit to the velocity dependent anisotropy constrained to yield a Sep)/SeD) branching ratio consistent with the value reported by Waller and Hepburn. The authors determined {F1.3 for the Sep) channel and {F0.2 for the S(ID) channel. Since these values differ significantly, Frey and Felder proposed that different dissociation dynamics were associated with each product channel. Based on the anisotropy parameters, the Sep) channel was thought to dissociate through a nearly linear geometry, while the SeD) channel was thought to dissociate through a highly bent structure. Our results, however, indicate that both channels exhibit velocity-dependent anisotropy parameters that range from 0.6-0.7 ± 0.1 for translational energies near the thermodynamic maximum to 0.1 ± 0.1 at low translational energies, suggesting that the dissociation dynamics may be similar for both channels. 
IV. CONCLUSIONS
The photodissociation of CS 2 at 193 nm was studied using the technique of to the data using the P(ET) in the upper panel of figure 2 for the 13 e V data and the P(E T ) in the lower panel of figure 2 for the 10.1 eV data.
TOF spectra for mle 44 (CS+) photoproducts at a scattering angle of 30°
and photo ionization energies of 12.0, 11.0, and 10.5 eV. The circles are the experimental data and the forward convolution fits (solid lines) were obtained using the P(ET)'S shown in figure 7 .
The P(E T ) distributions derived from fitting the TOF spectra shown in figure 6 .
Simulations of the photoionization dependence ofthe CS P(E T ) shown in " " ,.
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